
A
rm

ed
 Fo

rces In
stitu

te o
f Path

o
lo

g
y

Inhalation InjuryInhalation Injury

Teri J. Franks, MDTeri J. Franks, MD

ChairmanChairman
Department of Pulmonary and Mediastinal PathologyDepartment of Pulmonary and Mediastinal Pathology



Main TopicsMain Topics

•• AnatomyAnatomy
•• PhysiologyPhysiology
•• AbnormalitiesAbnormalities

–– EtiologyEtiology

•• AskAFIPAskAFIP Hot TopicHot Topic



AnatomyAnatomy

•• Upper respiratory tractUpper respiratory tract
•• Lower respiratory tractLower respiratory tract



AnatomyAnatomy
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Secondary LobuleSecondary Lobule

•• As defined by MillerAs defined by Miller
–– PolygonalPolygonal
–– 11--2.5 cm 2.5 cm 
–– Smallest unit demarcated by                                Smallest unit demarcated by                                

connective tissue septaconnective tissue septa

•• Most useful diagnosticallyMost useful diagnostically
–– Readily identified on:Readily identified on:

•• HRCTHRCT
•• Gross examinationGross examination
•• HistologicHistologic sectionsection

–– Explains HRCT appearanceExplains HRCT appearance
•• Broad range of lung diseasesBroad range of lung diseases
•• Especially interstitial diseaseEspecially interstitial disease
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AnatomyAnatomy
Secondary lobuleSecondary lobule

•• Core structuresCore structures
–– Axial Axial interstitiuminterstitium
–– BronchioleBronchiole
–– Pulmonary arteryPulmonary artery
–– LymphaticsLymphatics

•• SeptalSeptal structuresstructures
–– Peripheral Peripheral interstitiuminterstitium
–– Pulmonary veinsPulmonary veins
–– LymphaticsLymphatics

•• ParenchymaParenchyma
–– Alveolar Alveolar interstitiuminterstitium
–– AlveoliAlveoli
–– Pulmonary capillary bedPulmonary capillary bed
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PhysiologyPhysiology

•• External organExternal organ
–– Exchange gasExchange gas
–– Filter inspired airFilter inspired air

•• Distribution of inhaled particles Distribution of inhaled particles 
–– VentilationVentilation
–– Perfusion Perfusion 
–– LymphaticsLymphatics



VentilationVentilation



VentilationVentilation



PerfusionPerfusion



LymphaticsLymphatics



PhysiologyPhysiology

•• FilterFilter
–– 10,00010,000--20,000 liters/day20,000 liters/day
–– Deposition Deposition 

•• Particle sizeParticle size
–– > 10 > 10 µµm, m, nasopharynxnasopharynx and and 

large airways (100%)large airways (100%)



PhysiologyPhysiology

•• FilterFilter
–– 10,00010,000--20,000 liters/day20,000 liters/day
–– Deposition Deposition 

•• Particle sizeParticle size
–– > 10 > 10 µµm, m, nasopharynxnasopharynx and and 

large airwayslarge airways
–– 11--5 5 µµm, lung parenchymam, lung parenchyma
–– < 0.5 < 0.5 µµm, alveolim, alveoli



PhysiologyPhysiology

•• FilterFilter
–– 10,00010,000--20,000 liters/day20,000 liters/day
–– Deposition Deposition 

•• Particle sizeParticle size
•• Velocity of airflowVelocity of airflow

–– Inertial impactionInertial impaction
–– SedimentationSedimentation
–– DiffusionDiffusion
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PhysiologyPhysiology

•• FilterFilter
–– 10,00010,000--20,000 liters/day20,000 liters/day
–– DepositionDeposition
–– ClearanceClearance

•• SneezeSneeze
•• CoughCough
•• MucocilliaryMucocilliary escalatorescalator

–– 3 mm/min3 mm/min
–– 8080--90% removal in 2 hours90% removal in 2 hours

•• Alveolar transportAlveolar transport
–– Surface dissolutionSurface dissolution
–– Macrophage sequestrationMacrophage sequestration

»» Days, months, yearsDays, months, years



Common AerosolsCommon Aerosols
Types and sizesTypes and sizes

.01.01 .05    .5      1.05    .5      1 5     105     10 50    10050    100 500500
MicronsMicrons

Fog MistMist RainRain

Metallurgical Dust and FumesMetallurgical Dust and Fumes

Foundry  DustFoundry  Dust

BacteriaBacteria

PollenPollen

Tobacco SmokeTobacco Smoke



AbnormalitiesAbnormalities

•• NonNon--neoplasticneoplastic lung diseaselung disease
–– PneumoconiosisPneumoconiosis
–– Diffuse interstitial fibrosisDiffuse interstitial fibrosis
–– Diffuse alveolar damageDiffuse alveolar damage
–– Alveolar Alveolar proteinosisproteinosis
–– Giant cell and Giant cell and desquamativedesquamative interstitial interstitial pneumonitispneumonitis
–– GranulomatousGranulomatous inflammationinflammation

•• NeoplasticNeoplastic lesionslesions
–– Lung cancerLung cancer



Abnormal PatternsAbnormal Patterns

•• BronchovascularBronchovascular
•• CentrilobularCentrilobular
•• PanlobularPanlobular
•• SeptalSeptal
•• RandomRandom



Lymphatic DistributionLymphatic Distribution





SarcoidSarcoid



AirwayAirway--centeredcentered





HistologicHistologic Differential DiagnosisDifferential Diagnosis

•• Hypersensitivity Hypersensitivity pneumonitispneumonitis
•• InfectionInfection
•• Collagen vascular diseaseCollagen vascular disease
•• Drug reactionDrug reaction



Correlation with Chest CTCorrelation with Chest CT



Hypersensitivity Hypersensitivity PneumonitisPneumonitis



Diffuse Acute Lung Injury











Diffuse Alveolar DamageDiffuse Alveolar Damage



Diffuse Alveolar DamageDiffuse Alveolar Damage
Clinical conditions associated with DADClinical conditions associated with DAD

•• InfectionInfection
•• InhalantsInhalants
•• IngestantsIngestants
•• Drug toxicityDrug toxicity
•• Collagen vascular diseaseCollagen vascular disease
•• UremiaUremia
•• SepsisSepsis
•• ShockShock
•• TraumaTrauma
•• MiscellaneousMiscellaneous
•• Idiopathic Idiopathic –– AIP AIP 



AskAFIPAskAFIP Hot TopicHot Topic



Multidisciplinary informationMultidisciplinary information

Clinical

Pathological RadiologicalRadiological


